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THE EFFECT OF DIET AND PITUITARY GROWTH-
HORMONE ON HYPOPHYSECTOMIZED RATS*
KENNETH WADE THOMPSON AND DAVID W. GAISER
Evans and Long2 first demonstrated that daily parenteral injec-
tions in the rat of an alkaline extract prepared from beef pituitaries
stimulates growth of the animals. Whereas the normal growth
curve of the rat may be represented by a steeply ascending curve
during early life, gradually reaching a plateau at maturity, the
extract causes a progressive gain of weight, without plateau for-
mation, and "gigantism" is ultimately reached. These injections,
in addition to the acceleration of growth lead, at the same time, to
changes in the reproductive system, as yetnotcompletelyunderstood.
Evidence is accumulating which indicates that the growth and
sex effects are due to separate principles (Evans and Simpson'). Van
Dyke and Wallen-Lawrence'3 have recently described, and Lee and
Shafer (personal communication) also have succeeded in producing,
potent extracts suitable for subcutaneous use, supposedly free from
the sex principles whose effects have heretofore been a source of
confusion.
Ten years or more before Evans and Long made their brilliant
discovery it was known that experimental hypophysectomy in young
dogs led to a cessation of growth and persistent sexual infantilism.
P. E. Smith8 evolved a method of hypophysectomizing immature
rats, and three years later reported9 that the growth of these dwarfed
animals could be restored by Evan's method of injection, and that
both growth and sexual maturity could be induced by repeated
pituitary transplants.
These fundamental studies, which have been corroborated and
supplemented by many, have led to the belief that there are at least
two hormones secreted by the anterior pituitary, one of which pro-
motes growth ofnormal animals and restores growth of hypophysec-
tomized dwarfs. As far as present knowledge goes the growth-
hormone is gland specific, never having been obtained from any
source other than the anterior hypophysis.
* From the Laboratory for Surgical Research, Harvard Medical School.YALE JOURNAL OF BIOLOGY AND MEDICINE
However, Mendel and his associates and, more recently,
Anderson and Smith, in their studies of nutrition have shown that by
careful attention to diet growth exceeding the average normal may
be obtained. The latter investigators observed an average daily
gain of 7.3 grams between 60 and 300 grams body weight for
their fastest growing rat. This is twice the daily growth rate of
some so-called normal rats, and possibly greater than has ever been
produced by the injection of growth-hormone. Mendel and
Cannon4 thus suggest that the pituitary growth-hormone may "serve
primarily to modify adult development, rather than the growth of
the more typically adolescent period".
Bryan and Gaiser', in this laboratory, have recently shown that
daily injection of the growth-hormone in normal animals fed with
one of Mendel's growth-promoting diets served to accelerate an
already rapid growth rate, the injected animals outweighing their
rapidly growing controls. The injected rats on their best diet
reached 6-7 grams gain per day, which probably approaches the
maximum gain of which a rat is capable (Mendel and Cannon4).
Bryan and Gaiser obtained a more uniform growth rate in rats on
the better diet, and a still greater uniformity was obtained when
these rats were injected with the growth-hormone.
It would appear that at least three independent factors influence
the growth rate of young rats. The dietary factor, as shown
principally by Mendel, has been adequately proved, and has been
controlled in our experiments. The pituitary factor also influences
growth, and the extent of this influence is not yet fully appreciated.
A third factor of growth is the individual factor which causes certain
rats to outgrow their litter-mates, no matter how carefully con-
trolled. This variable growth capacity may possibly be due to
individual difference in the secretory activity of the pituitary body.
On the other hand, there may be growth inhibitors to which these
animals are subjected; for example, chronic infections, especially of
the upper respiratory passages to which rats are prone.
The present report* deals with the influence of growth-pro-
moting diets and the growth-hormone upon the totally hypophysec-
* This study was undertaken at the suggestion of Dr. Harvey Cushing, whose
interest in the problem was aroused by Dr. L. B. Mendel. The authors are greatly
indebted to both for their encouragement and stimulus in this work.
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tomized rat. It seemed possible, also, that by ablating the pituitary
gland we might produce a more uniform growth rate by removing
at least one of the factors suspected of causing individual variation
of growth rate. The remarkable susceptibility of the totally hypo-
physectomized rat to infections and to lowered temperature adds
another factor for consideration.
Experimental
Our rats are a fairly uniform cross-breed of pied and albino
stock, and they are healthy, rapidly growing, and quite resistant to
infections. The adult males weigh about 325 grams, the adult
females average about 225 grams, and young males weigh 80 grams
in about 35 days. The colony is maintained on a well-balanced diet
made up in hard biscuit form. Though not ideal, our rat rooms are
maintained under fairly uniform conditions.
Healthy, vigorous young rats weighing 80-120 grams were
hypophysectomized by a method recently described by one of the
authors'2. Twenty-four hours after operation, when the animals
had recovered from the anesthesia, they were placed in a scrupu-
lously clean isolation room in individual cages. This room was
maintained at the optimum temperature of 75-80 degrees, because
these animals are so very delicate and they exhibit little resistance to
lowered temperature.
The growth extract consisted of four approximately equally
potent lots prepared for us by Parke, Davis and Company*, follow-
ing the method of Putnam, Teel, and Benedict6, with the further
refinement of Teel's salting-out process". The extract was adminis-
tered intraperitoneally, with the same dosage as used by Bryan and
Gaiser, who found that the dose must be staggered upward in order
to produce uniform and rapid growth of normal adolescent rats.
Thus, those rats weighing up to .100 grams received 0.5 cc. twice
daily, those weighing from 100-150 grams received 1 cc. twice daily,
those weighing from 150-175 grams received 1.5 cc. twice daily, and
those weighing from 175-200 grams received 2 cc. twice daily.
Three diets were used in the experiment. The first, our
* We are much indebted to Dr. Oliver Kamm of Parke, Davis and Company
for his cooperation, and for his prompt response to our requests for these preparations.
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Diet A*, is the "GLF Calf Meal", paste food, and vitamin supple-
ment with which unusually rapid growth has been obtained
(personal communication from Anderson and Smith of Yale Univer-
sity). Diet B**, one of Mendel's special diets5, is the best diet
used by Bryan and Gaiser; in previous experiments it has caused
splendid growth. Diet C*** is a synthetic diet described by Men-
* DIET A.
(1) "GLF Calf Meal" 9% plus cod-liver oil 3%, ad lib.
(2) Paste food ad lib.
(3) Twenty grams of lettuce three times a week.
(4) Three grams of dried, debittered Brewer's Yeast, three times a week.
GLF Calf Meal Paste Food
Linseed-oil meal .......... 300 Whole milk powder .... 25%
Corn meal ................ 400 Casein ........ ..... 25%o
Ground malted barley.... 200 Wheat embryo ............ 20%b
Wheat Red Dog Flour.... 440 Lard ............. 30%o
Dried skim milk .......... 240
Oat flour ................ 300
Soluble blood meal ........ 60
Salt ......... ....... 20
Ground limestone.......... 20
Steamed bone meal ........ 20
2000
** DIET B.
(1) Diet B dry food ad lib.
(2) Dried beef liver, 0.8 gm. daily.
(3) Twenty grams of lettuce three times a week.
Diet B Dry Food
Yellow corn meal ................................ 58%o
Skim milk powder ................................ 29%lo
Casein ......... ....................... 12%lo
Salt mixture ............... ................. 1%O
(The salt mixture is sodium chloride 93%b, ferric
citrate 6.34%o, and potassium iodide 0.02%b.)
*** DIET C.
(1) Diet C dry food ad lib.
(2) Twenty grams of lettuce three times a week.
Diet C Dry Food
Entire wheat flour .... ......... 65.8%
Whole milk powder ..... ........ 32.8%o
Calcium carbonate .... ......... 0.7%o
Sodium chloride .... ......... 0.7%GROWTH OF HYPOPHYSECTOMIZED RATS
del7. It was chosen for contrast with the two better diets because
it causes average growth of a normal rat.
Results
We have studied hypophysectomized male and female rats on
Diets A, B, and C, with and without injections of growth-hormone.
Before starting injections all animals were observed for a control
period of 21 days, and about one-half of the hypophysectomized rats
that had received injections were subjected to a 30-day withdrawal
period after they had reached 200 grams.
Normal Controls:
Ten normal male rats were placed on Diet A without injections,
and an equal number were placed on the same diet with injections of
growth-hormone. The average weight gain of these animals in
growing from 60 to 200 grams may be seen in the following table:
Average Maximum Minimum
Diet A Normal ........ 3.38 gm. per day 4.4 gm. per day 2.1 gm. per day
Injected ...... 4.67 5.8 3.4
Diet B* Normal ........ 3.68 6.1 2.0
Injected ...... 5.0 7.4 4.2
Dict C* Normal ........ 2.8 4.5 2.0
Injected ...... 3.78 7.4 2.7
The average body lengths** of these animals are shown in the
following table:
Average Maximum Minimum
Diet A Normal .............. 19.6 cm. 20.2 cm. 18.9 cm.
Injected ............ 19.419.0 18.7
Diet B* Normal .............. 19.5 20.3 18.4
Injected ............ 19.520.3 18.7
Diet C* Normal .............. 19.5 20.1 18.6
Injected ............ 19.5 19.9 18.5
Hypophysectomized Controls:
Twenty-four hypophysectomized animals distributed as controls
on the various diets were carried through the experiment. Three of
* Results of Bryan and Gaiser.
** Measured from tip of nose to anus, with the animal under ether relaxation.
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this group (males nos. 28, 42 and 232, one on each diet) were found
to be subtotally hypophysectomized, each gainingweight slowly with
the gradual return of testes and hair to normal. Number 28 was
especially slow in returning to normal with a very slow gain of
weight. All three of these animals proved at autopsy to have a
small remnant of glandular tissue, while all the others had a total
hypophysectomy as evidenced by their clinical course and autopsy
findings*.
Not one of the remaining 21 animals of this group regained his
preoperative weight during the period of observation, from 43 to
120 days. The Diet C hypophysectomy controls seemed to be less
hardy than those on the other diets, and they were prone to have
diarrhea. The weights of all these controls fluctuated a few grams
from day to day, never reaching the preoperative weight; the fur
remained infantile, the testes were soft and small, and the female
introitus was quite atrophic.
Pre-injection Period:
One hundred and thirty-nine hypophysectomized rats were
observed for a period of 21 days after operation, allowing them to
reach a constant postoperative weight while becoming adjusted to
the new diet. Four rats obviously subtotally hypophysectomized
were detected in this period by gain of weight, by failure of the
testes to atrophy, by the development of normal hair, and by the
presence of a pituitary remnant found at autopsy. They continued
to gain weight after injections of the growth extract were stopped.
Young growing rats, such as used in our study, withstand hypo-
physectomy far better than do adult rats. They do not show the
marked signs of deprivation or cachexia, and they lose a smaller per-
centage of their body weight. At the end of 21 days these rats
weighed, on the average, from 1I to 16 grams less than their pre-
operative weight, having reached a minimum at five days postopera-
tive, with a subsequent readjustment, not one reaching his preopera-
tive weight. It was not uncommon for a rat to lose ten grams at
the time of operation, even though no hemorrhage occurred. No
definite relationship of diet to the loss of weight during this period
*Three of these animals were not autopsied, because they appeared obviously
totally hypophysectomized. They will be used for other experiments, and ultimately
will be autopsied (females nos. 198, 200 and 201).
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could be detected, since individual variation was considerable, and
since the average loss varied only from 11 to 16 grams for all groups
during the 21 days.
The Injection Period:
Injections of growth-hormone were begun after three weeks of
observation, when it was reasonably certain that individual rats were
totally hypophysectomized. These injections were continued until
the animals reached 200 grams in weight. The average gain per
day may be seen in the following table:
Diet A Diet B Diet C
Males Females Males Females Males Female:
Number of animals.......... 10 5 16 13 12 1
Average gain per day...... 3.93gm. 3.58gm. 4.16gm. 3.93gm. 2.47gm. 2.2gm.
Maximum gain per day.... 4.2 3.9 5.37 4.9 2.9
Minimum gainperday.... 3.2 3.3 2.8 2.9 1.84
The hypophysectomized rats undergo striking changes during
the injections of growth extract. They show marked improvement
in appetite, although it never reaches that of a normal rat. Their
activity increases, and normal hair begins to replace soft downy hair,
so that by the time they reach 175-200 grams they have developed
a normal adult coat. The testes, however, remain small and soft,
and the females show no sign of estrus on vaginal smear.
The length of these injected rats at 200 grams may be seen in
the following table:
Diet A Diet B Diet C
Males Females Males Females Males Females
Number of animals........ 9 5 15 6 10 0
Average length.............. 18.26cm. 18.30cm. 19.17 cm. 18.48cm. 19.32cm.
Maximum length.......... 20.0 19.7 21.8 19.5 20.6
Minimum length.......... 16.5 17.3 18.3 17.8 18.4
It is to be noted in the following table that the gain in weight
during the first five or ten days of injection is quite representative
of the average gain for the entire period of injection.
Diet A Males Diet B Males Diet CMales
Number of rats ........ 10 16 12
Total average gain .... 3.93 gm. per day 4.16 gm. per day 2.47 gm. per day
First five days.......... 3.0 4.0 2.2
First ten days.......... 3.2 3.9 2.4
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Post-injection Period:
Alternate hypophysectomized rats which had reached 200 grams
were measured, after which they were observed for a 30-day with-
drawal period. The other individuals were sacrificed for study of
tissues and skeleton.
During the period of withdrawal the rats underwent a striking
change in behavior, and a change in appearance which set in within
24 hours. It was characterized by loss of weight, a markedly arched
back, loss of appetite and cachexia. The greatest loss in weight
occurred in the first two weeks of withdrawal, but some loss occurred
steadily and slowly until the weight reached a fairly constant low
level, sometime after thirty days (Fig. I). Out of 21 animals so
studied, all but six survived at least 30 days, and the total loss during.
FIGURE I. Composite growth curves of all injected hypophysectomized male
rats fed Diets A, B, and C, showing the average preoperative weight, control period,.
injection period, and withdrawal period.
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this period was 37 grams, 34 grams, and 41 grams for Diet A, B,
and C males respectively. The amount of weight lost per day
during this period does not appear to be related to the excel-
lence of the diet, as is seen by the typical curves (Fig. I). There
were two deaths on Diet B, and four on Diet C, each preceded by
marked terminal cachexia.
Mortality:
The hypophysectomized rats are very difficult to maintain on
lengthy experiments as is revealed by our mortality statistics, which
show that out of 156 hypophysectomized rats, excluding the sub-
FIGURE II. Individual growth curves of three injected hypophysectomized
male rats fed Diets A (no. 227), B (no. 85), and C (no. 46), to be compared with
no. 89, an incompletely hypophysectomized rat, which had received the same
injections. Note that he gained rapidly before injections were started, and that he
continued to gain after injections were stopped.
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total hypophysectomies, 79 died before their role had been com-
pleted. This gives a mortality of 50.6 per cent for thewhole group,
with 50 per cent for animals on Diet A, 35.2 per cent for animals on
Diet B, and 64.1 per cent for animals on Diet C. The causes of
deaths cannot be accurately stated at this time, although about one-
third of the fatalities appeared to be due to respiratory infections,
about one-third of the rats succumbed after several days of diarrhea,
and another third died quite suddenly, usually at night, without
showing any previous sign of sickness. Three rats died of intestinal
obstruction due to faulty injection of the anesthetic at the time of
operation. Otitis media was a frequent fatal complication of upper
respiratory infections, and it was responsible for many deaths,
especially among the females, in which group it was quite prevalent
for a time. One of the first signs of an infection was often that of
failure to gain while given growth-hormone, or the loss of weight of
a stabilized control.
Subtotal Hypophysectomy:
Seven rats hadincomplete ablation of the gland, as shown by the
record of their progress, and by the findings at autopsy. Four were
on Diet C (males nos. 28, 50, 86, and 89), two were on Diet B
(males nos. 42 and 51), and one was on Diet A (male no. 232).
These animals showed the presence of varying amounts of pituitary
residue, from about one-half in no. 28 to about one-twentieth in
no. 42. The first mentioned, no. 28, gained rapidly after the
fifteenth postoperative day. He showed no signs of hypopituitarism
after that time, yet his litter-mates remained dwarfed. Number 42
showed definite signs ofdeficiency for over fifty days, with a definite
but retarded gain ofweight, and later with a return ofhair and testes
to normal, until at one hundred days it was obvious that a total
ablation of the gland had not been secured. (Fig. III.)
It is entirely possible that there were more animals in the
injected group with a very small pituitary residue. These will be
discovered later when the microscopical studies are completed, yet
theyneed not interfere with the present report, as the growth ofsuch
animals is so very slow. It is to be noted that with only one excep-
tion the subtotal hypophysectomies were among our first hundred
animals surviving operation.
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FIGURE III. Individual weight curves of completely hypophysectomized male
controls fed Diets A (no. 142), B (no. 74), and C (no. 45). Compare with the
curve of no. 42, an animal which had about 1/20th pituitary residual, and with
that of no. 28, which had a residual of about one-half of the gland.
Discussion
The findings of principal interest indicate that totally hypophy-
sectomized rats do not grow when fed Diets A, B, or C, but that
such animals do grow if given continuous intraperitoneal injections
of an alkaline salted-out extract of the anterior lobe of beef pitui-
taries. Under such treatment growth is proportional to the excel-
lence of the diet, and is quite comparable to that of normal animals
injected with a similar extract (Figs. I and II). Withdrawal of the
extract produces prompt cessation of growth with rapid loss of
weight. A pituitary remnant was found in every control animal that
gained weight, the gain being roughly proportional to the amount
of residual glandular tissue (Fig. III). Smith10 has already pointed
out that a surprisingly small portion of the gland will cause nearly
normal growth.
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At best the totally hypophysectomized rat is an exceedingly deli-
cate animal, but its resistance to infection and other adverse condi-
tions appears to be roughly proportional to the excellence of the
diet. The mortality of rats on our best diet was just about half the
mortality of those on the poorer diet. The causes of this mortality
cannot be readily explained without more extensive studies of the
individual constituents of the diets. We can only point out the
striking differences in our mortality figures, and emphasize the dif-
ferences in appearance and behavior of these three groups of rats.
The rats on Diets A and B seemed much more vigorous and healthy
than were those on Diet C.
Improvement in the appetite and in the well-being of the rats
after injections of the growth-hormone is quite striking. The cause
of this improvement is difficult to determine, and whether the stimu-
lated appetite is the cause or the effect of growth is at present
undetermined. Food and water intake and output were not
measured, and we are therefore unable to state whether or not the
gain in weight paralleled the food intake.
Our hope to obtain a greater uniformity of growth rate in
injected hypophysectomized rats was not realized, since there was
considerable variation of average gain among the individuals on each
diet. It is possible that changes in weight of these animals, which
have so great a susceptibility to infections and cold, may be a sensi-
tive indicator of disease, and we feel that infections have played a
large role in our inability to produce in any single group a uniform
growth rate. We wish to emphasize the fact that the so-called
"(poor growers" among normal animals may have hidden or outright
infections that prevent their normal growth.
The testes of all hypophysectomized maleratsremainedatrophic,
regardless of diet or injection of growth-hormone. However, the
seven animals with incomplete ablation had, without exception,
normally palpable testes. Although we noted no regeneration of
the testes, we found on the other hand that with growth-hormone
the downy, soft, infantile hair of the apituitary rat was replaced
by normal adult hair, the coat appearing mature when the injected
rats weighed 175-200 grams.
The average of the first five days' gain of weight of the hypo-
physectomized rats on the best growth-promoting diet was, within
a small degree of error, equal to the average gain for the entire
period of injection. This suggests that with an adequate adjust-
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ment of dosage, a fairly reliable assay for the potency of growth-
hormone may be completed in a five-day period, using only a few
rats, possibly ten at the most. This same group could be used
repeatedly for other assays. We wish to emphasize the value of
hypophysectomized rats in standardizing growth extract, since the
responses of such individuals are sudden and striking if the extract
is potent. Adverse conditions must be carefully excluded, however,
as an infection, lowered temperature, or an inferior diet may nullify
the effect of a potent extract.
Summary
1. Totally hypophysectomized rats failed to gain weight when
given a growth-promoting diet.
2. When given injections of growth-hormone three groups of
hypophysectomized rats gained weight in proportion to the excel-
lence of their diet, and their gain was comparable to the gain of
normal animals on the same diets receiving the same injections.
3. Hypophysectomized rats receiving injections of growth-
hormone did not show a greater uniformity of growth rate than did
normal animals under the same treatment. We feel that infections
played an important part in the lack of uniformity.
4. Withdrawal ofthe growth extract resulted in a loss of weight
of hypophysectomized animals fed growth-promoting diets.
5. A short method for the assay of potency of growth-hormone
is suggested.
6. The mortality of hypophysectomized rats on our best diet
was about half the mortality of those on the poorer diet.
7. Growth-hormone prepared as described failed to cause
regeneration of the sexual apparatus, but it caused infantile hair to
be replaced by normal hair.
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